INTRODUCTION
Wheat with an annual world production on 226 million hectares of about 550 billion tonnes valued at nearly $80 billion, is clearly one of the most important food crops in the world.
Furthermore improvement in quality, productivity, or sustainability of such a major source of nutrition can be expected to have a significant impact on agriculture.
During the past few decades, advances in plant cell culture and recombinant To date, the most promising transformation systems for wheat are by bombardment of DNA-coated microprojectiles into embryogenic callus cultures (Vasil et al 1992) or by microinjection of DNA into apical meristem cells, which subsequently develop into pollen or ovules (Simmonds et al . 1992 ).
The development of transformation systems for the graminaceous cereals remains fraught with problems (Potrykus 1989) . Numerous transformation systems have been attempted with wheat and some have yielded potentially encouraging results. However, in many studies claims of transformation are ambiguous because strict criteria for proof of integration of the foreign gene were not applied (Potrykus 1991 Oard et al . 1990 ). This procedure is limited by the low frequencies of transient (10" 3 ) and integrative 10" 6 ) events.
Nevertheless, the high-velocity microprojectile process has been used to obtain stable transformed nonregenerable maize (Klein et al . 1989 ) and wheat cells (Vasil et al . 1991) . More significantly, this procedure has yielded transformed embryogenic cultures of maize (Fromm et al . 1990) and wheat (Vasil (Sharmen 1983) . When a cell in L2 divides, the orientation of the spindle is normally parallel to the outer surface of the apex, thus maintaining a single file of cells. This file of cells is generated by a few apical initial cells, possibly only three (Fig. 1) .
Transformation of an L2 apical cell in a vegetative apex would establish a transgenic sectorial chimera, which would contribute to the numerous floral meristems in the developing spike.
Vegetative apical meristems of wheat, dissected for micromanipulation so that the LI and L2 layers can be viewed in bright-field microscopy ( Fig. 2) , will regenerate phenotypically normal fertile plants (Simmonds et al . 1992 ).
Micropipettes could be inserted into cells of the L2 layer (Fig. 3) and fluorescein isothiocyanate labelled dextran (MW 1700) was used as a marker to develop microinjection technology for delivering DNA solutions into L2 cells (Fig. 4) .
The feasibility of this approach for transformation of wheat was demonstrated by the expression of reporter genes microinjected into apical cells (Figs. 5, 6 ).
The continued development of these microinjected cells into germline tissues offers the prospect of a tissue culture and genotype-independent transformation system that will have universal application.
CONCLUSIONS
The fundamental problem in the production of transgenic wheat lies not so much in the delivery or even in the integration or expression of the foreign DNA, but rather in the recognition of cells that can regenerate phenotypically normal fertile plants, and the ability to target DNA into these cells. Wheat apical moristem transformation system, apical domes is 100 jum.) (The mean diameter of Bright-field micrograph of wheat apex with the micropipette positioned for injecting. Note that the LI and L2 cell layers can be distinguished. Micrograph of a live wheat apical meristem showing red cells, a nondestructive assay for expression of anthocyanin. Corn genes, which regulate the biosynthesis of anthocyanin pigment, were injected into wheat apical meristem cells. Three days later these cells had produced the expected pigment {arrow).
